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material, for example, a free-flowing particu- 
late insulating material or an insulating 
brickwork, and is in restricted communica- 
tion with the reaction zone so that the pres- 
sure in the space is the same as that in the 
reaction zone. 

Such an arrangement of thermally insu- 
lating material is not entirely satisfactory, 
because it is difficult to avoid the existence 
or formation of voids or fissures within the 
insulating material that permit convection 
currents to flow through the insulating 
material so as to cause the transfer of heat 
from the inner wall to the outer wail of the 
reaction vessel. Thus, for example, the voids 
within a free-flowing particulate insulating 
material may permit the flow of such con- . 
vection currents. 

In the case of brickwork it is difficult to 
construct it without fissures, and, even if this 
can be done, cracks develop therein during 
use ov/ing to changes in temperature and/or 
pressure. The circulation of gas within the 
insulating material causing heat transfer may 



partition being so constructed or arranged 
that restricted communication exists between 
the reaction zone and all the compartments, 
and each compartment being charged with a 
solid thermally insulating material that is 65 
permeable to gas. 

The words "permeable to gas" are used 
herein to denote a thermally insulating 
material in which there are present, or are 
formed during use, voids or fissures that per- 70 
mit gas to fiow through the material by 
convection. 

The reaction vessel may comprise inner 
and outer walls of elongated tubular shape 
spaced apart to form between them a ther- 75 
mal insulation space of annular cross-section, 
one or more partitions of elongated tubular 
shape spaced from the said walls and from 
any adjacent partition to form within the 
said space compartments of annular cross- SO 
section, two end walls each closing one end 
of the tubular outer wall inlet means for the 
introduction of reactants into the reaction 
zone, and outlet means for the discharge of 
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Improyements in and relating to ThermaDy Insulated Reaction Vessels. 



We, The Gas Council, a British Stattrtory 
Corporation, of Murdoch House, 1 Gros- 
venor Place, London, S.W.I, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to improvments in 
thermaQy insulated reaction vessels for carry- 
ing out reactions under superatmospheric 
pressure, which are provided with 2ax inner 
wall enclosing the reaction zone and a pres- 
sure-resistant outer wall, which is spaced 
from the inner wall and is in contact with 
the atmosphere, and in which the space 
between the inner and outer walls serves to 
accommodate a solid thermally insulating 
material, for example, a free-flowing particu- 
late insulating material or an insulating 
brickwork, and is in restricted commimica- 
tion with the reaction zone so that the pres- 
sure in the space is the same as that in the 
reaction zone. 

Such an arrangement of thermally insu- 
lating material is not entirely satisfactory, 
because it is difficult to avoid the existence 
or formation of voids or fissures within the 
insulating material that permit convection 
currents to flow throu^ the insulating 
material so as to cause £e transfer of heat 
from the inner wall to the outer wall of the 
reaction vessel. Thus, for example, the voids 
within a free-flowing particulate insulating 
material may permit the flow of such con- 
vection currents. 

In the case of brickwork it is difficult to 
construct it without fissures, and, even if this 
can be done, cracks develop therein during 
use owing to changes in temperature and/ or 
pressure. The circulation of gas within the 
insulating material causing heat transfer may 
P 



also occur due to the presence of voids or 
fissures therein. 

The isresent invention provides a thennally 
insulated reaction vessel for carrying out 
reactions under sitperatmospheric pressure, 
which comprises an inner wall enclosing the 
reaction zone, a pressure-resistant outer wall 
which is in contact with the atmosphere, a 
space between the inner and outer walls, and 
one or more partitions that divide the said 
space into a plurality of compartments, each 
partition extending tturougb the said space in 
a direction transversely of the width of the 
latter, being spaced from the inner and outer 
waHs and frcMn any adjacent partition, and 
preventing substaoitially throughout its 
length the flow of gas between the compart- 
ments it separates, the inner wall and each 
partition being so constructed cw arranged 
that restricted conammiication exists between 
the reaction zone and all the compartments, 
and each compartment being charged with a 
solid thermally insulating material that is 
permeable to gas. 

The words "permeable to gas" are used 
herein to denote a tfaerm^y insulating 
material in which there are present, or are 
formed during use, voids or fissures that per- 
mit gas to flow through the material by 
convection. 

The reaction vessel may comprise inner 
and outer walls of elongated tubular shape 
spaced apart to form between them a ther- 
mal insulation space of annular cross-section, 
one or more partitions of elongated tubular 
shape spaced from the said walls and from 
any adjacent partition to form within the 
said space compartments of annular cross- 
section, two end walls each closing one end 
of the tubular outer waH, inlet means for the 
introduction- of reactants into the reaction 
zone, and outiet means for the discharge of 
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reaction products from the reaction zone. 
The inlet and outlet means are advan- 
tageously provided in the end walls. The 
inlet means may be provided in one end 
5 wall and the outlet means in the other end 
wall, if the reaction jjroducts are to be with- 
drawn from the end of the reaction zone 
opposite to that into which the reactants are 
introduced; or both the inlet and outlet 
10 means may be provided in one end wall, if 
the reactants are to be introduced and the 
reaction products discharged from the same 
end of the reaction zone. 

For the purpose of achieving pressure 
15 equalisation between the reaction zone and 
the thermal insulation space between the 
inner and outer v/alls all the compartments 
are in restricted commimication with the re- 
action zone, and this restricted communica- 
20 tion may be along a path that connects all 
the compartments across their width with the 
reaction zone. This path of communication 
may be outside the region occupied by the 
thermally insulating material. For example, 
25 in a reaction vessel having tubular inner 
and outer walls and tubular partitions, as 
described above, the inner wall and each 
partition may extend from the inner surface 
of one end wall and terminate a short dis- 
30 tance from the inner surface of the other end 
wall. Thus, a restricted path of communica- 
tion extends across the open ends of the 
reaction zone and of all the compartments, 
and therefore beyond the thermally insu- 
35 lating material within the compartments. 
Alternatively, the restricted path^ of com- 
munication may be within the region of the 
thermally insulating material. For example, 
^ the inner wall and the partitions may at each 
40 end extend to the inner surface of the adja- 
cent end wall, and perforations may^ be 
formed in the inner wall and the partitions 
to form a restricted path of communication 
extending from the reaction zone across the 
45 width of all the compartments through the 
thermally insulating material. 

Alternatively, there may be provided a 
restricted path of communication that con- 
nects all the compartments in series along 
50 their lengths with the reaction zone. In this 
case the path of communication extends 
from the reaction zone into one end of the 
compartment adjacent to the inner wall, then 
from the opposite end of that compartment 
55 into the adjacent end of the next compart- 
ment, and similarly from the opposite end of 
the latter compartment into the adjacent end 
of any succeeding compartment. The path 
of communication thus extends through the 
60 thermally insulating material in each com- 
partment. For example, in a reaction vessel 
having tubular inner and outer walls and 
tubular partitions, the arrangement may be 
such that the iimer wall extends from the 
65 inner surface of one end wall and terminates 



a short distance from the inner surface of 
the odier end wall to form a restricted open- 
ing leading to the reaction zone, the tubular 
partition adjacent to the inner wall at one 
of its ends confines communication through 70 
the said opening to the adjacent eiid of die 
compartment on its inner side and at its 
other end provides restricted commimication 
between the adjacent ends of the compart- 
ments it separates, and any succeeding par- 75 
titions provide restricted communication 
alternately at opposite ends thereof between 
the adjacent ends of the compartments they 
separate. 

Within each of the compartments, there 80 
^11 be some transfer of heat as a result of 
conduction and/or convection within the gas 
in the compartment, and the rate of transfer 
of heat will depend in part upon the com- 
position of the gas. In the case of certain 85 
gases, especially hydrogen (which has a high 
thermal conductivity) and gaseous mixtures 
consisting mainly of hydrogen, the rate of 
transfer of heat within each compartment 
may somewhat reduce the insulation effect 90 
and, in order to prevent such gases pene- 
trating into the thermal insulation space from 
the reaction zone by reason of the aforesaid 
restricted commimication, gas inlet means 
may be provided within the thermal insula- 95 
tion space for causing a gas having relatively 
poor heat transfer 'characteristics, for ex- 
ample, carbon dioxide, to fiow through the 
said space and into the reaction zone. 

The pressure-resistant outer wall of the re- lOO 
action vessel will generally be of metal, for 
example, steel. The inner wall may also be 
of metal, for example, steel, but it may be 
constructed of non-metallic material, for ex- 
ample, a refractory brickwork having a re- 105 
fractory facing applied, for example, by 
spraying a refractory composition, such as 
that known under the trade name "Gunite** 
on to the surface of the brickwork. The 
partitions may be of metal, for example, no 
mild steel or heat-resisting steel, but they 
may be constructed of a non-metallic gas- 
impermeable material, for example, gas- 
impermeable alumina. 

The thermally insulating material is pre- 115 
ferably a free-flowing particulate material, 
for example, powdered alumina, but it may 
be a coherent material, for example, a 
thermally hisulating brickwork. 

Reaction vessels in accordance with the 120 
invention may be constructed for carrying 
out reactions under superatmospheric pres- 
sure at high temperatures or even relatively 
low temperatures, so that it is not essential 
that the materials of which the walls, par- 125 
titions and thermally insulating material are 
composed should be resistant to high tem- 
peratures. 

The reaction vessels may be used for 
carrying out reactions between gases and/or 130 
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vapours. Solids may also be present and 
may or may not take part in the reaction. 
Such solids ^e preferably maintained in the 
form of a fluidised bed in the reaction zone, 
5 and in this case the inner wail is preferably 
of metal. 

The reaction vessel constructed in accord- 
ance with the invention may be used for 
carrying out the process described in Speci- 

10 fication No. 9478/62, Serial No. 1,031,717, 
for the vapour-phase hydrogenation of a 
hydrocarbon distillate oil. For carrying out 
that process the said specification describes 
a thermally insulated reaction vessel having 

15 a tubular inner wall enclosing the reaction 
zone and a tubular outer wall which is 
spaced from the inner wall and is in contact 
with the atmosphere, thermally insulating 
material in the space between the inner and 

20 outer walls, and end walls closing each end 
of the outer wall. In the reaction zone is 
mounted a hollow cylindrical member which 
is shorter than the reaction zone and divides 
the latter into an inner region within the 

25 cylindrical cross-section and an outer region 
of annular cross-section, the two regions 
being in communication with each other be- 
yond the ends of the hollow cylindrical mem- 
ber. The reactants are introduced into the 

30 reaction zone through orifice means at or 
close to one of the end walls, the reactants 
and reaction products circulate through the 
inner and outer regions of the reaction zone, 
and the reaction products are withdrawn, for 

36 example, through an outlet tube in the end 
wall naying the orifice means therein- When 
a reaction vessel in accordance with the 
present invention is used in the above pro- 
cess, the thermal insxilation space between 

40 the inner and outer walls of a reaction vessel 
as described in the aforesaid specification 
will be divided by means of partitions into 
compartments to accommodate a thermally 
insulating material as hereinbefore described. 

45 Reaction vessels constructed in accordance 
with the invention are shown by way of 
example in the drawings accompanying the 
provisional specification in which like refer- 
ence numerals indicate like parts, and Figure 

50 1 shows in axial longitudinal cross-section 
one form of reaction vessel and 

Figures 2, 3 and 4 show similar cross- 
sections of other forms reaction vessels 
having means for preventing the penetration 
55 of a gas that would give a relatively high 
heat transfer into the thermal insulation 
space^ 

Referring to Figure 1, the reaction vessel 
comfffises a cylindrical outer wall 1 capable 

60 of withstanding superatmospheric pressures 
within the vessel, a cylindrical inner wall 2 
enclosing the reaction zone 3 and moimted 
co-axially within the outer waU and spaced 
therefrom, and two end walls 4 and 5 each 

65 having an opening serving as an inlet to or 



outiet from the reaction zone. The inner 
wall 2 terminates at its upper end slightiy 
below the lower surface of the end wall 4, so 
that the space between the outer and inner 
walls is in restricted communication with the 70 
reaction zone. The said space is divided 
into three compartments 6, 7 and 8 by means 
of two cylindrical partitions 9 and 10, which 
extend through the said space in a direction 
transversely of its width and are co-axial 75 
with the inner and outer walls of the reaction 
vessel. The upper ends of the partitions 9 
and 10 terminate slightly below the lower 
surface of the end waU 4 so that the pressure 
in each compartment will be the same as 80 
that in the reaction zone. Each compart- 
ment is filled with a free-flowing particulate 
thermally insulating material, for example, 
powdered alumina. The partitions may be 
made of metal, for example, mild steel or 85 
heat resisting steel. Instead of two partitions, 
there may be one partition forming two com- 
partments, or more than two partitions, for 
example, three partitions forming four com- 
partments. 90 

In Figure 2 is shown a reaction vessel 
similar to that shown in Figure 1, with the 
exception that there is provided at the lower 
end of each compartment 6, 7, and 8, an 
annular tube 11. 12 and 13 respectively, 95 
each of which has perforations (not shown) 
in its wall for the introduction into the com- 
partment of a gas supplied to each tube 
through an inlet pipe 14, 15 and 16 respec- 
tively. Thus, a gas that would give a rela- 100 
tively higih heat transfer, such as hydrogen, 
is prevented from penetrating from the re- 
action zone 3 into the particulate material 
within each compartment by the introduc- 
tion of a gas of relatively poor heat transfer 105 
characteristics, for example, carbon dioxide, 
from the respective annular tube, which gas 
passes through the particulate material and 
out of the opposite end of each compart- 
ment into the reaction zone. no 

In Figure 3 is shown a reaction vessel 
similar to that shown in Figure 1, except 
that the partition 10 terminates at its lower 
end slightiy above the upper surface of the 
end wall 5, and has at its upper end a flange 115 
19 that extends to the inner surface of the 
outer wan 1 and is spaced a short distance 
above the upper end of the partition 9, and 
that a perforated annular tube 17 having an 
inlet pipe 18 is provided at the lower end of 120 
the compartment 6. In this case, a gas of 
relatively poor heat transfer characteristics 
is passed from the tube 17 in succession 
through the particulate material in the com- 
partments 6, 7 and 8 and hence into the 125 
reaction zone. 

In Figure 4 is shown a similar reaction 
vessel having a sin^e partition 20, which has 
at its upper end an inclined flange that closes 
the upper end of the compartment between 130 
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the partition 20 and the outer wall 1, and of 
which the lower end terminates slightly 
above the upper surface of the end wall 5. 
A gas of relatively poor heat transfer charac- 
6 teristics is passed from an annular perforated 
tube 22 having an inlet pipe 23 at the upper 
end of the aforesaid compartment down- 
wardly through the particulate material 
therein, round the lower end of the partition 

10 20, upwardly through the particulate 
materi^ in the compartment between the 
partition 20 and the inner wall 2. and into 
Sie reaction zone. 

It will be seen that in all the reaction 

15 vessels shown in the drawings there is a 
restricted path of communication between 
all the compartments and the reaction zone, 
and that the partitions prevent the flow of 
gas through the insulating material from 

20 one compartment to another substantially 
throughout the lengths of the partitions. The 
provision for slight gas flow above some of 
the partitions and below other partitions is 
not such as materially to affect the improved 

25 thermal insulation afforded by the partitions. 

WHAT WE CLAIM IS:— 

1. A thermally insulated reaction vessel 
for carrying out reactions imder super- 
atmospheric pressure, which comprises an 

30 inner wall enclosing the reaction^ zone, a 
pressure-resistant outer wall which is in con- 
tact with the atmosphere, a space between 
the inner and outer waUs, and one or more 
partitions that divide the said space into a 

35 plurality of compartments, each partition ex- 
tending through the said space in a direction 
transversely of tlie width of the latter, being 
spaced from the inner and outer walls and 
from any adjacent partition, and preventing 

40 substantially throughout its length the flow 
of gas between the compartments it sepa- 
rates, the inner waU and each partition being 
so constructed or arranged that restricted 
communication exists between tiie reaction 

45 zone and all the compartments, and each 
compartment being charged with a solid 
thermally insulating material that is perme- 
able to gas (as hereinbefore defined). 

2. A reaction vessel as claimed in Claim 
50 1, wherein the compartments are in restricted 

communication witii the reaction zone along 
a path that connects all the compartments 
across their width with the reaction zone. 

3. A reaction vessel as claimed in Claim 
55 2, wherein the said path is outside the region 

occupied by the thermally insulating 
material. 

4. A reaction vessel as claimed in Claitn 
2, wherein the said path is within the region 

60 of the thermally insulating material. 

5. A reaction vessel as claimed in Claim 
1, wherein the compartments are in restricted 
communication with the reaction zone along 
a path that connects all the compartments 



in series along their lengths with the reaction 65 
zone. 

6. A reaction vessel as claimed in any one 
of Claims 1 to 5, wherein gas inlet means is 
provided within the thermal insulation space 

for causing a gas to flow through all the 70 
compartments into the reaction zone, 

7. A reaction vessel as claimed in any one 
of Claims 1 to 6, which comprises inner and 
outer walls of elongated tubular shiape spaced 
apart to form between them a thermal insu- 75 
lation space of annular cross-section, one or 
more partitions of elongated tubular shape 
spaced from the said walls and from any 
adjacent partition to form within the said 
space compartments of annular cross-section, 80 
two end walls each closing one end of the 
tubular outer wall, inlet means for the intro- 
duction of reactants into the reaction zone, 
and outlet means for the discharge of re- 
action products from the reaction zone. 86 

8. A reaction vessel as claimed in Oaim 
7, wherein the inlet means is provided in one 
end wall and the outlet means in the other 
end wall. 

9. A reaction vessel as claimed in Claim 90 
7. wherein the inlet means and the outlet 
means are provided in one end wall. 

10. A reaction vessel as claimed in Claim 
7, 8 or 9, wherein the inner wall and each 
partition extend from the inner surface of 95 
one end wall and terminate a short distance 
from the inner siuface of the other end wall 

to afford restricted conmiunication between 
all the compartments and the reaction zone. 

11. A reaction vessel as claimed in Claim 100 
7, 8 or 9, wherein the inner wall extends 
from the inner surface of one end wall and 
terminates a short distance from the inner 
surface of tlie other end wall to form a 
restricted opening leading to the reaction 105 
zone, the tubular partition adjacent to the 
inner wall at one of its ends confines com- 
munication through the said opening to the 
adjacent end of the compartment on its 
inner side and at its other end provides 110 
restricted communication between the adja- 
sent ends of the compartments it separates, 
and any succeeding partitions provide 
restricted communication alternately at 
opposite ends thereof between the adjacent 115 
ends of the compartments they separate. 

12. A reaction vessel as claimed in any 
one of Claims 1 to 11, wherein the compart- 
ments are charged with a free flowing par- 
ticulate thermally insulating material. 120 

13. A thermally insulated reaction vessel 
substantially as described with reference to 
and shown in Figure 1, 2, 3 or 4 of the 
drawings accompanying the provisional 
specification. 125 
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